Background: Self-reported data are often used for estimates on healthcare utilization in cost-effectiveness studies.
Introduction
Self-reported data on healthcare utilization are often used for estimates of healthcare utilization in cost-effectiveness studies [1] [2] [3] . Large national studies use surveys to routinely collect these selfreported data [4] [5] [6] [7] [8] [9] . Self-report is mostly an effective and less time-consuming mode of collecting data on the utilization of healthcare resources compared to collecting data from medical records or administrative claims data. However, while persons at older age and with more disabilities under-report their healthcare utilization [10, 11] , research on community-dwelling older persons heavily relies on data solely gathered through self-reported questionnaires [12] , which may result in underestimation of health-care cost among older persons.
Various other factors are associated with errors in self-rated outcomes [11, [13] [14] [15] . For example, inaccuracy increases with longer recall periods [10, 11, 13, 14, 16, 17] and when the frequency of events increases, patients tend to under-report more frequently [10, 14, [16] [17] [18] [19] . Several studies have compared the accuracy of selfreported with administrative data on healthcare utilization among older persons [11, 13, 22] , but they were mostly based on crosssectional designs.
In longitudinal studies on frail older persons, it is important to note that attrition may be directly related to the primary outcome [20] . Those who do not respond at follow-up are generally older [21] [22] [23] [24] [25] ,less educated [8, 25] , have lower socioeconomic status [23] , live alone [25] , have more functional impairments [8, 21, 25, 26] , suffer from more comorbidities [21, 22] , and are more inaccurate in self-reporting costs compared with participants who completed the study [27] . However, others found no difference between respondents and those who were lost to follow-up, and assumed that attrition was non-selective [9, 28, 29] .
However, more research is needed to investigate the relationship between loss to follow-up and healthcare utilization, to study the potential bias in self-reported healthcare utilization data in studies with a longitudinal design.
The objective of this prospective study is therefore to analyze the agreement between older adults' self-report of healthcare utilization and data obtained from the primary care electronic medical record (EMR) and to study the differences in the healthcare utilization between those lost to follow-up and those who completed the study.
Methods

Design and Setting
A prospective cohort study was conducted in seven general practices with a total of 1113 eligible persons aged 70 years and over in and around Amsterdam, the Netherlands. These practices had a mixed population in terms of sex, age, and socio-economic status (SES). The cohort was followed up for 12 months between October 2008 and December 2009.
Health-care in the Netherlands
In the Dutch health-care system the general practitioner (GP) is the only freely accessible medical professional and people are used to visit their GP if they have a health problem. The GP is the gatekeeper in the healthcare system, controlling access to specialized medical care, and virtually all non-institutionalized citizens are registered with a GP. Therefore the total practice population represents the general population, and information about the wider population is automatically available. For these reasons, in the Netherlands, general practice is the optimal setting for providing information on the populations use of healthcare services [30] .
In the Netherlands GPs are financed by a fixed rate based on an average of two office visits per patient per year.
Ethics Statement
The study was approved by the Medical Ethics Committee of the Academic Medical Center, University of Amsterdam, the Netherlands (protocol ID MEC 10/182).
Study Population
All community-dwelling persons aged 70 years and over who were registered with one of the participating general practices were selected from the EMR by their GP. Persons were excluded if, according to their GP, they were terminally ill, suffered from dementia, did not understand Dutch, planned to move or spend a long time abroad, or lived in a nursing home. Eligible persons received a letter from their GP with information about the study, along with a written informed consent form, a self-report questionnaire, and a pre-paid envelope. They were invited to fill out the questionnaire themselves, and if they needed help, an informal caregiver was allowed to assist (this assistance was noted on the questionnaire). The recruitment of participants is described in detail elsewhere [31] . All participants were asked to provide written informed consent for data collection and participation in the study on receipt of the study information.
Measurements
Self-reported data. A self-report questionnaire was sent at baseline, and after 3, 6, and 12 months. It comprised demographic data, comorbidities, physical functioning (modified Katz-ADL index score), self-perceived health status, psychological and social functioning (Rand-36), health-related quality of life (EuroQol), and healthcare utilization data [12] . The self-reported data are part of a national database and are publically available [12] . Healthcare utilization data were specified in 1) GP home visit during office hours in the last 3 months and 2) hospital admission in the last 12 months. The number of contacts and the reason for each contact were recorded. Office visits were not gathered since this information would not be of additive value in a cost-effective analysis. Furthermore, the original study objective was to evaluate acute/un-planned healthcare utilization of community dwelling older persons, which did not include office visits.
Electronic medical records. EMR data were used to calculate healthcare utilization. Healthcare utilization data from October 2008 to December 2009 were extracted from the EMR at the GP's office by two independent researchers (MvD and JS). First, billing data were searched for home visits. Hospital admissions were then extracted from the patient's history, and the correspondence section in the EMR was searched for discharge letters. All hospital admissions were recorded. No difference was made between an admission for one day without an overnight stay and an admission of one or more overnight stays. The number of hospitalization days was not recorded. If a GP contact was followed by a hospital admission on the same day, only the hospital admission was recorded, because it was difficult to discriminate between the number of home visits on the same day before hospitalization or between in or out-of-hours GP-home visits.
Linking self-reported data to the EMR. The self-reported data on healthcare utilization were linked to the data derived from the EMR using the date on which the questionnaire was filled out. To analyze the agreement between self-report data and EMR data for GP home visits, questionnaires returned after 3, 6, and 12 months were used. To analyze the agreement between self-report data and EMR data for hospital admission, questionnaires returned after 12 months were used.
Non-respondents at Baseline
Previous studies suggested that non-respondents are more often cognitively and functionally impaired and have a higher mortality rate than responding participants, and therefore are often considered a high-risk population [7, 32, 33] . Therefore, nonrespondents may use healthcare services more frequently.
Non-response is a collective term for persons (called nonrespondents or non-participants) who are invited to participate in a study but do not do so [34] . To explore whether non-respondents were more often functionally and/or cognitively impaired and used healthcare services more frequently, a sample of randomly selected non-respondents and a sample of randomly selected participants were invited to participate in a single home visit conducted by a trained research nurse, on behalf of their own GP. Informed consent was obtained before the interview took place. During this home visit, the same baseline self-report questionnaire was conducted along with a Mini-Mental State Examination (MMSE) [35] in both groups. The healthcare utilization computed from the EMR over the year 2009 was compared between both groups.
Respondents Lost to Follow-up
Self-reported baseline characteristics and healthcare utilization computed from the EMR over the year 2009 were compared between participants who completed follow-up and those who were lost to follow-up after 12 months. Participants who died or were institutionalized were analyzed separately, with the assumption that this group was prone to higher levels of healthcare utilization in the period before death or institutionalization [36] .
Older persons lost to follow-up for other reasons were defined as those declining further participation, not able to be contacted at follow-up or lost to follow-up for other reasons.
Statistical Methods
Baseline descriptive statistics were used. Differences in baseline characteristics and healthcare utilization between participants and non-respondents, and between participants who completed followup and those lost to follow-up were estimated using a MannWhitney U test for continuous, nonparametric data or a Chisquare test for ordinal variables. Overall, a p-value of ,0.05 was considered statistically significant.
Data on healthcare utilization were assessed as the number of contacts with healthcare services. The number of self-reported home visits and hospital admissions were compared with the number of home visits and hospital admissions derived from the EMR. To evaluate the agreement between self-report of healthcare utilization and data from the EMR, 3 groups were identified: (1) Under-reporting (patient reported less utilization in comparison to data retrieved from the EMR), (2) Exact agreement (self-reported and the EMR agreed on the volume of utilization), (3) Over-reporting (participant reported more utilization than could be retrieved from the EMR).
Levels of agreement between self-reports and the EMRs were assessed for each follow-up time using absolute agreement and intraclass correlation coefficients (ICCs) [37] . The benchmark for determining the closeness of the comparison of the ICC was based on Landis and Koch's scale [38] . The strength of agreement was ,0.00 (poor), 0.00-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial) and 0.81-1.00 (almost perfect) [38] .
Finally, healthcare utilization and participation time in the study were plotted against age and number of disabilities in (instrumental) activities of daily living ((I)ADL). Analyses were performed with the Statistical Package for the Social Sciences (SPSS) version 18.0.
Results
Eligible Persons and Baseline Characteristics
The cohort comprised 1113 persons. Reasons for exclusion and non-response are shown in figure 1. In total, 790 (76.3%) participants returned the baseline questionnaire and were included. At baseline, the median age was 75 years (IQR 72-80), 56.7% were female, 55.8% participants had no (I)ADL disabilities and 16.2% reported memory problems (Table 1) . A total of 644 (81.5%) participants returned the questionnaire after 12 months. The number of persons lost to follow-up due to death or institutionalization ranged from 9.1% at 6 months to 11.0% at 12 months, calculated over the total number of persons lost to follow-up. Figure 2 shows the mean healthcare utilizaton in 2009 extracted from the EMR and the mean time not in the study with increasing age. Figure 3 demonstrates the mean healthcare utilizaton in 2009 extracted from the EMR and the mean time not in the study with increasing number of (I)ADL disabilities. Figure 4 shows all persons included in the analysis based on possible data linkage. The agreement between both data sources was 86.1% for home visits, and 86.9% for hospital admission. The strength of agreement (ICC) between both data sources at 12 months was 0.63 (95% CI; 0.58-0.68) for both home visits and for hospitalization, substantial in both cases. Agreement between both data sources after three and six months was similar (data not shown). In general, participants slightly over-reported their healthcare utilization. Table 2 and 3 show the healthcare utilization (GP home visits and hospital admission) according self-reported data and EMR at twelve months. Table 4 shows the prevalence and measures of agreement of healthcare utilization according self-reported data and EMR at twelve months. Characteristics of persons under-or over-reporting versus agreement between self-report and EMR, are displayed in Table S1 .
Non-respondents
For the non-respondent analysis, 103 home visits were conducted. Of those persons, 32 were non-respondents and 71 responded to our surveys. Non-respondents had a lower socioeconomic status (SES) (p,0.05), a lower scores on the MMSE (p, 0.01) and received more GP home visits compared to respondents (p,.05). There were no differences in hospitalization between both groups (p = 0.788) (Table S2) . At 12 months, those who died or were institutionalized were older (p,0.001), more disabled in (I)ADL (p,0.001) and had more other risk factors for functional decline at baseline. Those lost to follow-up for other reasons had more often a nonCaucasian ethnic background (p,0.001), a lower socioeconomic status (p = 0.002), were more disabled in (I)ADL (p,0.001) and were less able to participate (p,0.001) ( Table 5) .
Of all 790 persons included in this study, 19.5% were hospitalized and 32.7% received home visits in the year 2009 according to the EMR. Table 6 displays the healthcare utilization of respondents, those who died or were institutionalized, and those lost to follow-up for other reasons. Persons who died or were Self-Reported Healthcare Utilization PLOS ONE | www.plosone.orginstitutionalized had significantly higher overall levels of healthcare utilization compared to respondents and those lost to followup for other reasons (p,0.001) for both GP home visits and hospitalizations. This finding was already apparent after 3 months' follow-up (data not shown). Those lost to follow-up for other reasons had more home visits by their GP after 12 months (p = 0.003). This finding was consistent, though not significant, with those at 3 and 6 months follow-up. 
Discussion
Main Findings
In this prospective cohort study among 790 communitydwelling older persons, correlations between self-report data and EMR data on healthcare utilization were substantial for 'hospitalizations' and 'GP home visits' at 12 months. Healthcare utilization was slightly over-reported compared to data based on the EMR. Non-respondents had a lower socioeconomic status, a lower MMSE score at baseline, and received more GP home visits. Participants who died or were institutionalized were older and more often functionally impaired, and utilized more healthcare services. Participants lost to follow-up for other reasons only received more home visits by GPs. This study showed that with increasing age and disabilities in daily functioning, healthcare utilization increased and participation time in the study decreased.
Comparison with the Literature
Our findings of over-reporting of healthcare utilization compared to the EMRs contradict some studies [16, 17] , but are consistent with others [11, 15] . Raina et al. found that patients aged 65 years and older (n = 1,038) over-reported hospitalizations over 12 months in 3.3% of the cases and under-reported hospitalizations in 3.1% [15] . In our study these rates were 8.0% and 5.2%, respectively. Raina et al. observed a patient agreement about hospitalization in 13.5% at baseline interviews, compared to 10.4% after 12 months in our study. Wolinsky et al. found comparable measures for misreporting hospitalizations [11] .
We did not find any literature on healthcare utilization among non-respondents.
In our study, 18.5% of persons were lost to follow-up. Participants who had died or were institutionalized were older, more often disabled, more often depressed, reported more often memory problems, had worsened health status compared to a year ago and were less able to participate at baseline. Participants lost to follow-up for other reasons more often had a non-Caucasian ethnic background, had a lower socioeconomic status, were more often disabled and were less able to participate. These findings are in accordance with the literature [8, [21] [22] [23] [24] [25] [26] , although some authors found no difference between responders and those lost to follow-up [28] or assumed nonselective loss to follow-up [9, 29] .
Older persons who died or were institutionalized appeared to have significantly higher levels of healthcare utilization. Those lost to follow-up for other reasons received more home visits, though no differences were found in hospitalizations. Hoogendoorn et al. compared self-report versus care provider registration of healthcare utilizations and its impact on cost and cost-utility. They found that the degree of under-reporting was independently associated with loss to follow-up and total costs, showing that those lost to follow-up had larger differences in costs between registrations and self-reports compared with full participants [27] .
Strengths and Limitations
This study has several limitations. Firstly, using the EMR as the reference standard is not without its own drawbacks [10, 16, 18, 39] . For example, a substantial proportion (9.5%) of patients consume healthcare outside the urban healthcare system, suggesting that this use may not be captured in the EMR [10] . GPs also tend to under-report repeated consultations for the same problem [40] . However, Dendukuri et al. showed that claims databases had the greatest validity [41] . Some persons were repeatedly hospitalized, Table 2 . The numbers of self-reported GP-homevisits and GP-homevisits according to the Electronic Medical Record at 12 months.
Self-reported GP home visits
Number of GP home visits according to EMR (n =
doi:10.1371/journal.pone.0093372.t002 Table 3 . The numbers of self-reported hospitalization and hospitalization according to the Electronic Medical Record at 12 months. Self-Reported Healthcare Utilization PLOS ONE | www.plosone.orgthough the GP was sometimes notified only once. Furthermore, GP contacts on the same day prior to hospitalization were often omitted when extracting healthcare utilization from the EMR, resulting in a potential underestimation of GP home visits. Moreover, when a patient is dismissed from a hospital, it can take some time before the hospitalization can be found in the EMR. Secondly, as a measure of healthcare utilization, only hospitalizations and GP home visits were taken into account. When this study was first conducted, information on emergency department (ED) visits and contact with GPs during out-of-hours were also collected from participants. However, the GP was often not separately informed about ED visits, especially if a patient was hospitalized afterwards, and therefore this contact was not retrieved from the EMR. However, it is important to note that 70% of ED visits by older people is followed by a hospital admission [42] . Furthermore, it turned out that the prevalence of out-of-hours GP contacts in our population was very low; therefore, these contacts were left out of the analyses too.
Thirdly, participants may have found it difficult to discriminate between home visits paid by GPs and registered nurses, or between visits during in or out-of-hours, yielding lower agreement measures. Furthermore, GP home visits were not counted in the EMR if they were on the same day as a hospital admission, leading to an underestimation of the costs made by GPs and to an apparent overestimation of self-reported home-visits.
Most studies on the agreement of self-reports have crosssectionally examined populations. The strength of our study lies in Table 4 . Agreement between self-reported and Electronic Medical Record healthcare utilization at 12 months. the prospective design and our additional non-respondent analysis, comparing healthcare utilization patterns of respondents with nonrespondents and those who died, institutionalized or otherwise lost to follow-up.
Implications
In our study, correlations between self-report and EMR data for GP home visits and hospitalizations were nearly identical. The impact of that difference on, for example, cost-effectiveness studies should be taken into consideration. For example, Hoogendoorn et al. found that despite the almost perfect agreement on hospitalizations and hospital days, the cost difference was highest for this type of care, approximately 390 euros [27] .
This research also shows that the inclusion of data from older persons lost to follow-up during prospective cohort studies is important. Those who die or are institutionalized tend to use more healthcare services than those remaining in the study. Those lost to follow-up for other reasons also tend to place a larger burden on more intensive primary healthcare services than those remaining in the study. Therefore, the more substantial the loss to follow-up becomes, the more need there may be to consider data-collection on health services utilization from the EMR. Table 6 . Healthcare utilization of participants compared to those lost to follow-up. Conclusion Self-report of hospitalizations and GP home visits in a broadly 'healthy' community-dwelling older population seems adequate and efficient. However, as people become older and more functionally impaired, collecting healthcare utilization data from the EMR should be considered to avoid measurement bias, particularly if the data will be used to support economic evaluation.
What is New?
N Self-report of hospitalizations and GP home visits in a broadly 'healthy' community-dwelling older population seems adequate and efficient.
N However, as people become older and more functionally impaired, collecting healthcare utilization data from the electronic medical records should be considered to avoid measurement bias, particularly if the data will be used to support economic evaluation.
N Older persons who died or were institutionalized during follow-up tended to use more healthcare services than participants.
N Those who were lost to follow-up for other reasons tended to receive more GP home visits than those remaining in the study. 
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